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LASER-INDUCED BREAKDOWN SPECTROSCOPY (LIBS): A NEW VERSATILE WAY TO ANALYZE 
AND MONITOR SOILS, PLANTS AND COMPOSTS
Abstract: 2YHUWKHSDVWWZRGHFDGHVDQLQWHQVHDFWLYLW\KDVEHHQFRQGXFWHGLQWKHVWXG\DQGGHYHORSPHQWRIWKH
DQDO\WLFDOWHFKQLTXHRIODVHULQGXFHGEUHDNGRZQVSHFWURVFRS\/,%6LQVHYHUDO¿HOGVRIDFDGHPLFDQGDSSOLFDWLYH
UHVHDUFKLQFOXGLQJDJULFXOWXUH/,%6LVDIDVWDQGUHOLDEOHWHFKQLTXHVXLWDEOHIRUWKHVLPXOWDQHRXVTXDOLWDWLYHDQG
TXDQWLWDWLYHDQDO\VLVRIPDMRUDQGWUDFHHOHPHQWVLQVDPSOHVRIYDULRXVQDWXUHDQGRULJLQ7KLVUHYLHZUHSRUWVDQG
GLVFXVVHVVRPHZRUNVRQ/,%6DSSOLFDWLRQVDQGKLVIHDVLELOLW\WRDJULFXOWXUHVWXGLHVZLWKIRFXVRQVRLOVSODQWVDQG
FRPSRVWV5HVXOWVREWDLQHGRQHOHPHQWGHWHFWLRQDQGTXDQWL¿FDWLRQLGHQWL¿FDWLRQDQGGLVFULPLQDWLRQDUHUHYLHZHG
DQGEULHÀ\GLVFXVVHG,QSDUWLFXODUZHZRXOGIRFXVWKHDWWHQWLRQRQKRZ/,%6FRXOGEHDGRSWHGLQWKH%UD]LOLDQ
HQYLURQPHQWZLWKSURPLVLQJUHVXOWV)RUH[DPSOHQHZPHWKRGVWKDWDOORZVRLO&PHDVXUHPHQWVin-situ are crucial 
IRU$PD]RQLDQVRLOVDQGDQHQFRXUDJLQJUHVROXWLRQPHWKRGWRTXDQWLI\&LQ%UD]LOLDQVRLOVZLOOEHSURYLGHGE\
PHDQVRIDWRPLFHPLVVLRQOLQHVREWDLQHGE\DSRUWDEOH/,%6V\VWHP)XUWKHUPRUH¿HOGPHDVXUHPHQWVDUHDOVR
SRVVLEOHE\XVLQJFRPSDFWSRUWDEOH/,%6DSSDUDWXVUHDOO\KHOSIXOLQKRVWLOHHQYLURQPHQWHJ$PD]RQLDUHJLRQ
Keywords/,%6HOHPHQWDODQDO\VLVVRLOSODQW7RWDO&DUERQ
1. Introduction
6RLOWHVWLQJDQGSODQWDQDO\VHVKDYHEHHQSURYHQWREHLQYDOXDEOHWRROVLQWKHGLDJQRV\VRIQXWULWLRQDO
GH¿FLHQFLHVDQGSUREOHPVUHODWHGWRSODQWJURZWK(DFKDGYDQFHLQWKHEDVLFXQGHUVWDQGLQJRISODQWSK\VLRORJ\
DQGVRLOFKHPLVWU\DQGHDFKDGYDQFHLQLQVWUXPHQWDWLRQOHDGVWRLPSURYHPHQWVLQPHWKRGRORJ\DQGLQWHUSUHWDWLRQ
*$5'1(56RLODQDO\VLVKDVDOZD\VEHHQXVHGWRGLVWLQJXLVKGLIIHUHQWIXQFWLRQVDQGODQGXVHDFWLYLW\
RYHUDVLWHDQGWRDLGWKHLGHQWL¿FDWLRQDQGLQWHUSUHWDWLRQRIVHWWOHPHQWIHDWXUHV&RQVLGHULQJWKHGLYHUVLW\RIVRLO
W\SHVDQGSURSHUWLHVTXDOLW\XVDELOLW\XQUHVWUDLQHGKXPDQLQWHUYHQWLRQDQGSROOXWLRQWKHVFLHQWL¿FVWXG\RIWKH
HOHPHQWDODQGFKHPLFDOFRPSRVLWLRQTXDOLW\DQGXVDELOLW\RIVRLOVLVYHU\LPSRUWDQW)XUWKHULQWKHODVWGHFDGHV
WKHXVHRIPHWDODFFXPXODWRUSODQWVLQFRPELQDWLRQZLWKFRPSRVWKDVEHFRPHDFKHDSDQGVXVWDLQDEOHDOWHUQDWLYH
WHFKQLTXHWRORZHUVRLOFRQWDPLQDWLRQE\WR[LFKHDY\PHWDOV7KHHOHPHQWDOFRQFHQWUDWLRQVRIVRLOVDQGSODQWVDUH
W\SLFDOO\REWDLQHGIROORZLQJGLJHVWLRQE\VWURQJPLQHUDODFLGVW\SLFDOO\QLWULFRUaqua regiaQLWULFDQGK\GUR-
FKORULFDFLGV
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7KHHOHPHQWDOFRQFHQWUDWLRQVLQWKHGLJHVWHGVROXWLRQVREWDLQHGDUHWKHQDQDO\]HGXVLQJ,QGXFWLYHO\&RX-
SOHG3ODVPD2SWLFDO(PLVVLRQ6SHFWURVFRS\,&32(6RU,QGXFWLYHO\&RXSOHG3ODVPD0DVV6SHFWURVFRS\,&3
067KHVHWHFKQLTXHVXVXDOO\SURYLGHJRRG/LPLWVRI'HWHFWLRQ/2'EXWDUHWLPHFRQVXPLQJQHHGFRQVLVWHQW
VDPSOHPDQLSXODWLRQSULRUWRDQDO\VLVDQGUHTXLUHVSHFL¿FVRLOVDPSOLQJSURFHGXUHVDQGDFFXUDWHVSHFLPHQVHOHF-
WLRQ$OWHUQDWLYHO\DQGHVSHFLDOO\IRUWKHGHWHFWLRQRIFRQWDPLQDQWVLQVRLOVWKHXVHRIDUHDOWLPHin-situDQDO\WLFDO
WHFKQLTXHVXFKDVODVHULQGXFHGEUHDNGRZQVSHFWURVFRS\/,%6ZRXOGDOORZWKHDVVHVVPHQWRIWKHGHJUHHDQG
NLQGRIVRLOFRQWDPLQDWLRQIROORZHGE\LPPHGLDWHDSSOLFDWLRQRIWDLORUHGUHPHGLDWLRQVWUDWHJLHVLQRUGHUWRDYRLG
LUUHYHUVLEOHGDPDJHVWRHQYLURQPHQWKXPDQDQGDQLPDOKHDOWK
/,%6LVDQDGDSWDEOHDQGWRWDOPXOWLHOHPHQWDODQDO\WLFDOVSHFWURVFRSLFWHFKQLTXHEDVHGRQDWRPLFHPLV-
VLRQVSHFWURVFRS\/,%6LV ODUJHO\IUHHRIVDPSOHSUHSDUDWLRQZKLFKLVDJUHDWEHQH¿WHVSHFLDOO\LQFRQGLWLRQV
ZKHUHVDPSOHSUHSDUDWLRQLVYHU\GLI¿FXOWRULPSRVVLEOHWRSHUIRUPZLWKUHJDUGWRQHHGHGUHVXOWVDQGUHTXLUHVD
VPDOOVDPSOHDPRXQW
7KHVLPSOLFLW\RI/,%6DSSDUDWXVUHSUHVHQWVDJUHDWDGYDQWDJHLQFRPSDULVRQWRRWKHUDQDO\WLFDOPHWKRGV
/,%6LVHVSHFLDOO\VHQVLWLYHWROLJKWHOHPHQWVVXFKDV%&+/L1DQG2ZKLFKDUHGLI¿FXOWWRGHWHUPLQHE\
PDQ\RWKHUDQDO\WLFDOWHFKQLTXHV'XHWRLWVLQKHUHQWDGYDQWDJHV/,%6GHYHORSHGYHU\IDVWVLQFHLWVLQWURGXFWLRQ
LQµVDQGGXULQJWKHODVWGHFDGHKDVXQGRXEWHGO\DFKLHYHGWUHPHQGRXVSRSXODULW\LQVHYHUDO¿HOGVRIDSSOLFD-
WLRQVLQFOXGLQJHQYLURQPHQWDODQDO\VHVFXOWXUDOKHULWDJHFRPEXVWLRQIRUHQVLFVDQGIRRGSKDUPDFHXWLFDOELR-
PHGLFDOQXFOHDUDQGLQGXVWULDODQDO\VHV+$+1DQG20(1(772+RZHYHU/,%6KDVDOVRDQXPEHURI
GUDZEDFNVHJWKHTXDOLW\DFFXUDF\DQGSUHFLVLRQSURYLGHGZKHUHDTXDQWLWDWLYHDQDO\VLVLVQHHGHG,QVRPHFDVHV
WKHWHFKQLTXHPD\QRWPHHWWKHDQDO\WLFDOUHTXLUHPHQWVUHTXHVWHGEHFDXVHTXDQWLWDWLYH/,%6LVVXEMHFWWRDQXP-
EHURIRSHUDWLQJSDUDPHWHUVWKDWPD\RUPD\QRWEHFRQWUROODEOH)RUH[DPSOHWKHVRFDOOHG³PDWUL[HIIHFW´DQG
³VHOIDEVRUSWLRQSKHQRPHQD´DUHJUHDWFKDOOHQJHVLQWKH/,%6H[SHULPHQW$OWKRXJKVDPSOLQJE\ODVHUDEODWLRQ
LQYROYHVKLJKO\FRPSOH[DQGQRWHQWLUHO\XQGHUVWRRGSK\VLFDODQGFKHPLFDOSKHQRPHQD/,%6KDVEHHQVXFFHVV-
IXOO\LPSOHPHQWHGIRUERWKHOHPHQWDOGHWHFWLRQDQGTXDQWLWDWLYHFKHPLFDODQDO\VLV
6LQFHWKHODWHµVPDQ\SDSHUVDSSHDUHGLQWKH/,%6OLWHUDWXUHRQWKHODERUDWRU\DQDO\VLVRIVRLOV&,8&-
&,HWDO'$6,/9$HWDODQGVXFFHVVLYHO\SODQWV6$1726HWDO5HVHDUFKLQWKLVGRPDLQ
LV VWLOOYHU\DFWLYHDQG LVPDLQO\DLPHGDW UH¿QLQJ WKH WHFKQLTXHDQGHYDOXDWLQJ LWV FDSDELOLWLHV LQFRPSDULVRQ
ZLWKRWKHUZHOOHVWDEOLVKHGWHFKQLTXHV7KHSXUSRVHRIWKLVDUWLFOHLVWRSUHVHQWDUHYLHZIRFXVLQJRQVRPHUHFHQW
DFKLHYHPHQWVREWDLQHGE\WKHDXWKRUVDQGRWKHUUHVHDUFKHUVLQWKH¿HOGRIHOHPHQWDODQDO\VLVRIVRLOVSODQWVDQG
FRPSRVWV7KHSRWHQWLDORI/,%6ZLOOEHLOOXVWUDWHGDQGLWVFDSDELOLWLHVDWWKHSUHVHQWVWDWHRIGHYHORSPHQWZLOOEH
KLJKOLJKWHG
2. Material and Methods
7ZRGLIIHUHQWLQVWUXPHQWVKDYHEHHQXVHGLQWKHH[SHULPHQWV$WUDGLWLRQDOODERUDWRU\EHQFKWRS/,%6
DSSDUDWXVZDVHPSOR\HGE\6HQHVLHWDOZKLFKFRQVLVWHGRIDQVSXOVHGODVHU1G<$*ZLWKDUH-
SHWLWLRQUDWHRI+]DQGDODVHUSXOVHGXUDWLRQRIQV7KHODVHUZDVIRFXVHGRQDURWDWLQJWDUJHWE\XVLQJD
FPIRFDOTXDUW]OHQVIRU QPDQGDFPIRFDOTXDUW]OHQVIRUȜ QP$FPIRFDOTXDUW]ELFRQYH[
OHQVZDVXVHGWRFROOHFWWKHSODVPDHPLVVLRQDQGWRREWDLQWKHLPDJHWKDWZDVIRFXVHGGLUHFWO\WRZDUGVWKH
VSHFWURVFRSLF V\VWHPZLWKDPRQRFKURPDWRUFRXSOHGZLWKDQ LQWHQVL¿HGFKDUJHFRXSOHGGHYLFH ,&&'DQGD
SXOVHJHQHUDWRUWKDWFRQWUROOHGWKHWULJJHULQJVFKHPHIRUWKHHPLVVLRQVSHFWUDDFTXLVLWLRQ6L[VRLOVDPSOHVZHUH
DQDO\]HGE\6HQHVLHWDODVLOW\ORDPVRLOFROOHFWHGLQWKH0XUJLDKLOOVLQWKHSURYLQFHRI%DUL,WDO\ZLWK
DW\SLFDOQDWXUDOFRQFHQWUDWLRQRIKHDY\PHWDOV6WZRSROOXWHGORDPVRLOVIURPWKHVDPHDUHD6 and SWZRSROOXWHGVRLOVIURPRWKHUWZRGLIIHUHQWVLWHVLHDFOD\ORDPVRLOIURP0LODQR/RPEDUGLD1RUWKHUQ,WDO\DQGD
VDQG\FOD\ORDPVRLOIURP)DQR0DUFKH&HQWUDO,WDO\6 and S$GHSXUDWHGVHZDJHVOXGJH66RINQRZQ&UFRQFHQWUDWLRQZDVDOVRVWXGLHG WRHYDOXDWH WKHSRVVLEOH
PDWUL[HIIHFWV)XUWKHUWZRFRPPHUFLDOFRPSRVWVRIGLIIHUHQWRULJLQDQGQDWXUHDQGIRXUSODQWVSHFLHVW\SLFDOO\
XVHGIRUVRLOUHPHGLDWLRQSURFHVVHVLH$KDOLPXV%DOED%QDSXVDQG(YHVLFDULDZHUHVWXGLHGE\6HQHVLHW
DO,QWKH1LFRORGHOOLHWDOSDSHUVRLOVDPSOHVZHUHFROOHFWHGIURPWZR%UD]LOLDQIRUHVWVDVSRGRVRO
DQGDQR[LVRO7KHVSRGRVROVDPSOHVZHUHFROOHFWHGIURPWKHGHQVH$PD]RQLDQUDLQIRUHVWFORVHWRWKHFLW\RI6mR
*DEULHOGD&DFKRHLUD$PD]RQ6WDWH5HGR[LVROVDPSOHVZHUHFROOHFWHGIURPDUHPQDQWRIWKH$WODQWLF)RUHVWFOR-
VHWRWKHFLW\RI6DR&DUORV6DR3DXOR6WDWH7KHVHDXWKRUVSHUIRUPHGWKH/,%6WKHPHDVXUHPHQWVE\XVLQJDSRU-
WDEOH/,%6VSHFWURPHWHUHTXLSSHGZLWKD4VZLWFKHGQP1G<$*ODVHURSHUDWLQJDWDP-PD[LPXP
SRZHUHQHUJ\DQGD+]IUDPHUDWH7KHODVHUEHDPZDVIRFXVHGRYHUWKHVDPSOHLQVLGHDQDEODWLRQFKDPEHU
3ODVPDHPLVVLRQZDVFROOHFWHGE\DQRSWLFDO¿EHUEXQGOHFRQQHFWHGWRVHYHQVSHFWURPHWHUVHDFKRQHSURYLGLQJ
DHOHPHQWOLQHDUVLOLFRQ&&'DUUD\7KHGLVWDQFHIURPWKHVDPSOHWRWKHFROOHFWLQJRSWLFDO¿EHUEXQGOHZDV
DSSUR[LPDWHO\PP7KHVSHFWUDZHUHDFTXLUHGIURPWRQPZLWKDQDSSUR[LPDWHRSWLFDOUHVROXWLRQRI
QP1PHDVXUHPHQWVZHUHSHUIRUPHGRQHDFKVRLOVDPSOHHDFKRQHFRUUHVSRQGLQJWRWZRDFFXPXODWHGVKRWV
3. Results and Discussion
6HQHVLHWDODQG'HOO¶$JOLRHWDOPHDVXUHGWKHFRQWHQWVRI&U&X3E9=QLQDQXPEHU
RIVRLODQGVOXGJHVDPSOHV¿QHO\JUDLQHGDQGSUHVVHGLQSHOOHWVDQG/,%6SHUIRUPDQFHZDVFRPSDUHGWRWKDW
RI,&32(6&DOLEUDWLRQOLQHVZHUHGUDZQRQWKHEDVLVRI,&32(6PHDVXUHPHQWV)RUWKHVHOLQHVWKHHPLVVLRQ
LQWHQVLW\RIDQDO\WHVZDVQRUPDOL]HGWRWKDWRIWKHVSHFWUDOEDFNJURXQGEHFDXVHQRVXLWDEOHLQWHUQDOVWDQGDUGZDV
IRXQGIRUWKHDQDO\]HGVHWRIVDPSOHV7KHJRRGOLQHDULW\RIFDOLEUDWLRQOLQHVZDVDFOHDUFRQ¿UPDWLRQRIWKHIH-
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DVLELOLW\RIWKHDGRSWHG/,%6PHWKRGDQGVKRZHGWKDWOLPLWHGPDWUL[HIIHFWRFFXUUHG,QRUGHUWRFRPSDUH/,%6
SHUIRUPDQFHZLWKWKDWRI,&32(6WKHIROORZLQJSURFHGXUHZDVIROORZHGIRUHDFKHOHPHQWRQHVDPSOHFKRVHQ
IURPWKHFHQWUDOSDUWRIWKHFRQFHQWUDWLRQUDQJHFRYHUHGZDVH[FOXGHGIURPWKHFDOLEUDWLRQFXUYHRIWKHFRQVLGHUHG
HOHPHQWDQGWUHDWHGDVDQXQNQRZQVDPSOHWKHQDQHZFDOLEUDWLRQOLQHZDVGUDZQZLWKRXWWKHH[FOXGHGVDPSOH
DQGWKHFRQFHQWUDWLRQZDVGHWHUPLQHG7KHUHVXOWVRIVXFKFRPSDULVRQVDUHUHSRUWHGLQ7DEOHDQGVKRZDJRRG
DJUHHPHQWEHWZHHQWKHWZRWHFKQLTXHV
7DEOH&RPSDULVRQEHWZHHQFRQFHQWUDWLRQVRIKHDY\PHWDOV LQVRLOVDPSOHV6 and S: WZRSROOXWHGORDPVRLOVIURPXQGH¿QHGDUHD6 and S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ZDVLQWURGXFHGWRUDSLGO\HYDOXDWHWKHGHJUHHRIKHDY\PHWDOSROOXWLRQRIVRLOV5HFHQWO\6HQHVLHWDOKDYH
GHWHUPLQHGWKHFRQFHQWUDWLRQVRIVHOHFWHGHOHPHQWVLQFOXGLQJ$O&D&U&X)H.0J0Q1D3E6UDQG=Q
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4. Conclusion
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